OBJECTIVE: C-reactive protein (CRP), a nonspecific inflammatory marker, may be associated with the development of cardiovascular disease (CVD) among adults. The purpose of this study is to evaluate the relation between plasma CRP levels and 5-y body weight and body mass index (BMI) change among school children in Taiwan. METHOD: In 1995, we conducted an epidemiological survey to evaluate the anthropometric characteristics and CVD risk factors among 1500, aged 12-15 y, school children in Taipei. We measured plasma high sensitivity CRP levels using nephelometric method. In 2000, we followed these children to evaluate their changes in body height, weight and BMI during 5 y. RESULTS: In general, boys were taller, heavier and had higher BMI than girls at the baseline (1995) and at the 5-y follow-up (2000). Baseline plasma CRP levels were positively correlated with body weight and BMI in both 1995 and 2000. However, plasma CRP levels were negatively correlated with 5-y BMI change in both genders. We further divided the children into three subgroups based on their baseline CRP levels (nondetected, 0.188-1.00 and 41.0 mg/dl). Children in the higher plasma CRP levels (41.0 mg/dl) were heavier and had higher BMI (both in 1995 and 2000) than those children with nondetected CRP levels. However, children with higher CRP subgroup had a lower 5-y increasing of BMI and there was even a decrease of BMI levels among the higher CRP girls. CONCLUSION: From this prospective study, we found that baseline plasma CRP levels were positively correlated with the baseline and the 5-y follow-up body weight and BMI in both genders. However, plasma CRP levels may not be a good predictor of 5-y body weight and BMI changes among children in Taiwan.
Introduction
Obesity is a widespread and growing problem in the developing and developed countries with significant medical, psychosocial and economic consequences. Not only in adults but also in children, the prevalence and trends of obesity is an important public issue. [1] [2] [3] In children, the development of obesity is associated with the deterioration in chronic diseases risk profiles. [4] [5] [6] [7] Excess weight in childhood is the leading cause of high blood pressure. Overweight children are at a high risk for developing long-term chronic conditions, including adult-onset diabetes mellitus, coronary heart disease, orthopedic disorders and respiratory disease. 5, [8] [9] [10] [11] Also, many studies demonstrate that overweight children tend to become overweight adults and appear to increase the risk of subsequent morbidity and mortality. [11] [12] [13] [14] [15] [16] C-reactive protein (CRP), a nonspecific marker of inflammation, is usually low or else undetected in healthy subjects, but will increase up to 100 times during acute illness or inflammation. 17 These acute-phase reactants have been studied as potential markers of systemic diseases such as cardiovascular diseases and obesity in recent years. 18, 19 In adults, blood CRP levels are positively correlated with age, [20] [21] [22] smoking, 21, 23 chronic infection conditions, 20 lipid levels, 20, 21, 24 degree of obesity, 21, 25, 26 and status of cardiovascular diseases. [20] [21] [22] [27] [28] [29] An increase in age, smoking, body mass index (BMI) and symptoms of chronic infections are all associated with an elevation in CRP levels. Moreover, in prospective studies, the blood CRP level may be an independent predictor of cardiovascular events in patients with coronary heart disease. [19] [20] [21] 24, 28 In children, there are few studies to evaluate the relation between blood CRP levels, adiposity and certain cardiovascular risks among children. [30] [31] [32] Whether the elevation of blood CRP levels is a cause or consequence of obesity remains unclear among children. The purpose of this study is to evaluate the relation between plasma CRP levels, current adiposity, and 5-y body weight and BMI changes among school children in Taiwan.
Materials and methods

Study design and sampling method
The Taipei Children Heart Study was an epidemiological survey of cardiovascular disease risk factors among school children at Taipei in 1995. The details of the sampling methods and results are described elsewhere. 33, 34 Briefly, to ascertain a representative distribution of demographic, lifestyle and biochemical characteristics and cardiovascular disease risk factors, we conducted a cross-sectional survey among junior high school students in Taipei. After multistage sampling of 85 junior high schools in Taipei, we randomly included 1500 school children for this survey. In 2000, we followed these children to determine their changes in body height, body weight and BMI. The Ethical Committee of the Scientific Institute approved this study and informed consent was obtained from the parents and the children.
Data collection
All of the participating children had completed a structured questionnaire on their sociodemographic characteristics, disease history and lifestyle characteristics including cigarette smoking, alcohol consumption, puberty development, usual physical activity and dietary intake.
Research technicians recorded body weight to the nearest 0.1 kg using a standard beam balance scale with children barefoot and wearing light indoor clothing. Body height was recorded to the nearest 0.5 cm using a ruler attached to the scale. We calculated BMI as the ratio of body weight to body height squared expressed as kg/m 2 . In 2000, we recontacted these children by telephone and questionnaire, we asked and recorded the nearest body height and body weight status among these children.
Plasma CRP levels were measured using a high sensitivity method by Dade Behring Nephelometer 100 automated analyzer (Dade Behring Marburg GmbH. Newark, DE, USA). 35 
Statistical analyses
We used mean and standard deviation (s.d.) to describe the distributions of age, baseline (1995) body weight, body height and BMI, and the changes of these anthropometric measures after 5 y (2000) with gender specification. After excluding those children with plasma CRP levels that were nondetected (o0.188 mg/dl), we calculated the Spearman correlation coefficient between plasma CRP, baseline, 5-y later anthropometric measures and 5-y changes of these measures with gender specification without the assumption of normality. We used analysis of variance (ANOVA) to determine the overall differences of anthropometric measures and the changes of body weight and BMI among different CRP subgroups with gender specification. In the final models, we used multivariate linear regression analyses to evaluate the association of different plasma CRP subgroups on 5 y BMI change status with gender specification after adjusting for the potential confounders. All models were adjusted for age, cigarette smoking, alcohol drinking, puberty development and heart rate. A two-tailed P-value less than 0.05 was considered statistically significant. All statistical analyses were conducted using the statistical package SAS (SAS Institute Inc, Cary, NC, USA).
Results
In this study, we excluded children who had any inflammatory disorders within 2 months during the survey conducted. Finally, 702 children (375 boys and 327 girls) were followed 5 y later. There was no statistical difference on baseline anthropometric measures and plasma CRP levels between these followed and lost groups (data not shown). The ageadjusted baseline body height, body weight, BMI, plasma CRP levels and 5-y changes of these anthropometric measures with gender specification are presented in Table 1 . In general, boys were taller and heavier and had higher BMI and plasma CRP levels than girls. The 5-y body weight and height gain was also higher in boys when compared with girls. Among girls, there was even a decreased BMI at the 5 y follow-up. Table 2 shows the Spearman correlation coefficients of plasma CRP levels on baseline, 5-y follow-up and changes of these anthropometric measures among boys and girls. Plasma C-reactive protein levels were positively correlated with baseline and 5-y follow-up body weight and BMI in boys and girls (all Po0.001). However, plasma CRP levels were not significantly correlated with 5-y body weight or BMI changes among boys. There was even an inverse correlation between plasma CRP and 5-y changes of body weight and BMI among girls (r ¼ À0.137 and À0.122). Since there is no clear cut-point of plasma CRP levels among children, we further divided these children into three subgroups based on their baseline plasma CRP levels (nondetected o0.188, 0.188-1.0 and 41.0 mg/dl). The baseline and 5-y follow-up anthropometric measures and their changes among different plasma CRP subgroups are Table 3 . For boys, the higher plasma CRP children were taller, heavier and had larger BMI at baseline when compared with the relatively normal children. However, the higher CRP children had smaller 5-y BMI gain than the normal children (0.172.6 vs 1.072.1, Po0.05). More interestingly, the higher plasma CRP girls even had greater 5-y BMI loss than those relatively normal girls (À1.0972.6 vs À0.0772.0, Po0.05). Table 4 shows the multivariate regression analyses of different plasma CRP subgroups on 5-y BMI changes among boys and girls. Using the nondetected plasma CRP level (o0.188 mg/dl) children as reference, after adjusting for age and other potential confounders, the higher plasma CRP children had greater decrease of BMI changes in both boys and girls. However, after further adjusting for baseline BMI, there was no statistical difference of BMI changes among different CRP subgroups in both genders.
Discussion
In this study, we found that plasma CRP levels were positively correlated with baseline and 5-y follow-up body weight and BMI in both boys and girls. Children with higher CRP levels (41.0 mg/dl) were heavier and had higher BMI levels at baseline and 5-y later when compared with the relatively normal children (o0.188 mg/dl). However, the higher plasma CRP boys had a smaller 5-y increase of BMI and there was even a decreased change of BMI among girls when compared with those relatively normal children at the 5 y follow-up. From this study, we found that obesity may be induced inflammatory process of adipose tissue which is associated with an increase of plasma CRP levels. More interestingly, the systemic inflammation (with an elevated CRP levels at baseline) may be even associated with a relativity of weight or BMI loss for the 5 y follow-up among children. These finding suggested that an elevated plasma C-reactive protein and 5-year weight changes among children N-F Chu et al CRP level is a consequence, rather than a cause, of obesity among children in Taiwan. However, further studies are needed to evaluate the obesity-inflammation-systemic disease on later life. In this study, we conducted both cross-sectional and prospective study design to evaluate the causal relations between the baseline and the 5-y follow-up of body weight, BMI status and plasma CRP levels among school children in Taiwan. This study can help us to demonstrate more clearly the relation between anthropometric measures, plasma CRP levels and the baseline plasma CRP levels on 5-y anthropometric measure changes among children. A similar study in adults may yield biased or confounded results if the subjects follow a special lifestyle (such as cigarette smoking), have infections or tissue damage; this could radically increase plasma CRP levels or have weight reduction program that may be associated with decreased plasma CRP levels. Furthermore, fewer children in this age group were undergoing any treatment for obesity or had current cigarette smoking status. Measurement errors are likely to be minimal and any error would probably be of a random nature that would only attenuate our results.
Plasma CRP level is a nonspecific marker of inflammatory status and may represent the disease activities of a human body. 17, 36 Plasma CRP levels increase significantly in response to trauma and inflammation status; furthermore, it decreases rapidly with the resolution of those conditions. 17, 36 In adults, plasma CRP levels may be an independent risk factor for coronary heart disease. [19] [20] [21] 24, 28 Similar results were also found among children that obese children tend to be associated with an elevated plasma CRP levels and more adverse cardiovascular disease risk factors. 31, 32 The obese population has a relatively high risk with higher plasma CRP levels, which suggest that overweight and obesity may have induced adipose tissue inflammatory changes that is associated with an elevation of plasma CRP levels. 25, 26, [37] [38] [39] In our study, we found that plasma CRP levels were positively correlated between the baseline and the 5-y follow-up body weight and BMI status which supports this finding. More interestingly, recent studies have shown that inflammation is one of the causes of many chronic diseases such as atherosclerosis and peptic ulcer. Whether inflammation also plays a certain role in the development of obesity is another interesting question in our study. We designed a prospective study to evaluate the relation between baseline plasma CRP levels and the 5-y body weight and BMI changes among these children. In our results, we found that the higher plasma CRP boys had a smaller weight gain or BMI increase among boys. Furthermore, there was even a decreased trend among the higher plasma CRP girls that had more body weight and BMI loss than relatively normal girls. These results correspond to the hypothesis that elevation of plasma CRP levels, as inflammatory status, is a wasting process and may be associated with a smaller weight gain among boys or even associated with weight loss among girls in a 5-y period of follow-up.
In conclusion, overweight and obese, even among children, is associated with an inflammatory process and elevation of plasma CRP levels, which may be linked to the possible mechanisms of obesity and the development of obesity-related chronic disorders in later life. Further studies are needed to evaluate the possible mechanisms between obesity and obesity-related chronic disorders to provide better prevention of these complications in the obese epidemic population. C-reactive protein and 5-year weight changes among children N-F Chu et al
